While many exciting projects are being introduced, the reality is that local governments are limited in their ability to implement highly effective plans and measures to reduce GHG emissions. Prefectural and local governments have limited legal competence to independently formulate climate change, energy, or traffic policies. They are more or less limited to the formulation of action plans and convincing citizens to change their behavior. In recent years, several local governments, such as Tokyo and Kyoto, have found ways to partially overcome these political and legal barriers.
In this article we consider the relationship between national and local climate change plans and analyze the reduction targets, scenarios, and measures introduced in the local action plans. We pay particular attention to the relationship between different levels of government in terms of their legal competences and the sharing of responsibilities in the formulation of policies and measures. Much of the material presented in this article is based on a survey of the local action plans of all 47 prefectural governments and 12 of Japan's specially designated major cities. The targets, content, policies, and promotional structures of the various local plans are considered and critiqued. Finally we investigate the causes as to why CO 2 emissions have not been falling in Japan and propose ways that national and local climate change policies might more effectively and deeply cut CO 2 emissions in the coming decades.
The Emergence and Development of Japan's Climate Change
Policies at the National and Local Levels
The Early Phase
The Japanese government formulated the Action Plan to Arrest Global Warming (Action Plan) in October 1990 just before the Second World Climate Conference (SWCC; Government of Japan, 1990) . The action plan aimed to stabilize CO 2 emissions at 1990 levels by 2000. This CO 2 stabilization target was released in the run-up to the International Negotiating Committee (INC) for a Framework Convention on Climate Change, which started its work at the beginning of 1991. This first governmental action plan focused on CO 2 reduction through structural change in urban and regional structures, energy supply systems, traffic systems, production processes, and the lifestyles of citizens. In 1993, the Environment Agency-which became the Ministry of the Environment in 2001-formulated a Guideline for Measures to Prevent Global Warming (National Guideline 93) to provide guidance to regional and local governments on measures they should take for meeting national goals.
1 It also provided local and regional governments with subsidies they could use to formulate individual local climate change action plans (local action plan). Some regional and local governments started their climate change policy at this time. Since the mid-1990s, many regional and local governments, especially those with activist governors or mayors, have made global warming one of their top political priorities.
Adoption of the Kyoto Protocol and Subsequent Regulatory Developments
After the adoption of the Kyoto Protocol, the Japanese national government formulated an outline for the promotion of measures to cope with global warming (outline) to achieve the Kyoto target (Government of Japan, 1998). This outline, distinct from an action plan, focused on CO 2 reduction mainly through the construction of an additional 21 nuclear power plants by 2010 . Also in 1998, amendments were passed to the act concerning the rational use of energy (Energy Conservation Law) and the law concerning the promotion of measures to cope with global warming (Global Warming Law). An amendment to the Energy Conservation Law established the Top-Runner Regulation, which requires manufacturers to improve the energy efficiency of electrical appliances and cars by adopting, within a given time frame, the standards used by the most energy-efficient appliances. This regulation is the most effective of all measures found in Japan's national climate change policy.
Article 4 of the Global Warming Law stipulates the responsibilities of local governments in relation to developing climate change countermeasures: "Local governments shall promote policies to limit GHG emissions and to enhance sinks in accordance with the natural and social conditions of their areas." The Global Warming Law also mandates that local and regional governments formulate reduction plans for government-related activities and that prefectural governors establish a center for climate change action in their prefecture and appoint volunteers to promote climate activities. As a consequence of the Global Warming Law, a growing number of local governments began formulating local action plans.
The Ratification and Entry Into Force of the Kyoto Protocol
In 2002, Japan ratified the Kyoto Protocol and amended the Global Warming Law. The new Article 20 states: "In view of the Kyoto Protocol Target Achievement Plan, prefectural and municipal governments shall endeavor to formulate and to implement comprehensive, plan-based programs for the control of greenhouse gases, in accordance with the natural and social conditions of their local areas." The responsibility of regional and local governments to draw up a local climate change action plan was clarified with this amendment. And indeed, as of 2005, all prefectures had formulated a local climate change action plan (Figure 1) .
Just after the Kyoto Protocol entered into force in 2005, the national government formulated the Kyoto Protocol Target Achievement Plan (target achievement plan) in accordance with the amended Global Warming Law of 2002 (Government of Japan, 2002) . The target achievement plan was completely revised in 2008. It now focuses on formulating low-carbon levels in urban and regional areas and the use of the Kyoto Flexibility Mechanisms (the Clean Development Mechanism (CDM) and Joint Implementation (JI)). The national government began to buy CDM and JI credits in 2007 from companies that have bought certified emission reduction (CER) certificates. The national government requires that any CER credits that CO 2 emitters acquire to achieve their own voluntary reduction targets must be entered into the national account. They receive no compensation from the government for their CERs.
A Projection for 2050
Prime minister Yasuo Fukuda announced in June 2008, before the G8 Summit in Toyako, Hokkaido, that Japan would strive to reduce its GHG emissions by 60%-80% from the existing levels, by 2050, and by 14% of present levels, by 2020 (Government of Japan, 2008). Prime minister Fukuda emphasized that Japan would engage in innovative technology development, such as advanced nuclear power plants and carbon capture and storage (CCS), the launch of a trial emission trading scheme in autumn 2008, the development of low-carbon cities, and the introduction of measures that will influence lifestyles, including daylight saving time. To promote the transition to low-carbon cities, the national government launched a contest for the best environmental model cities. These are cities that have developed plans to reduce their CO 2 emissions by 60%-80% from the 1990 emission levels, by 2050; National climate change policy is based on the Global Warming Law. The Global Warming Law sets an expectation that regional and local governments set up comprehensive policies and climate change countermeasures. The Global Warming Law, however, provides neither the legal competence nor mandates the necessary financial support (subsidies) for prefectural and more local governments to reduce their GHG emissions. Nor are local governments given legal competencies in other GHGrelated-issue areas, such as energy policy (e.g., the implementation of the Energy Conservation Law or the permitting of power plants), traffic policy (e.g., the permitting of train service plans and fees). These legal competencies belong to the national government. National legislators can choose to delegate authority to governors or mayors to be able to implement national laws; in fact, they do this with many environmental laws. The Global Warming Law, however, only delegates the authority for governors to establish centers for climate change action in their prefectures and to appoint volunteers to promote climate change-related activities.
The Sharing of Policies and Measures Between National and Local Climate Change Policies
Japan's national GHG emission reduction target under the Kyoto Protocol (the Assigned Amount Unit [AAU]) is not divided among prefectures or cities as is the case with the European Union's burden sharing agreement, which divides the European Union's 8% emissions reduction target among its Member States. Nor are the policies and measures included in Japan's target achievement plan distributed in a way that takes into consideration the issues specific to various prefectures and cities. Rather, the plan leaves it to local governments to make their own decisions about what they need to do. The national government simply states its expectation that all prefectures establish plans for improving traffic flow, promoting energy saving in commercial buildings and the business sector, provide support for measures deployed at the municipal level through their centers for climate change action, and recruit volunteers to promote climate change actions. The target achievement plan further puts an expectation on cities and towns to educate and provide information to their citizens and to research and introduce renewable energy, among other activities. These are not mandates, but rather national government expectations about what regional and local climate change mitigation actions will include.
The Autonomy of Japanese Regional and Local Governments
Despite the creation of various climate change-related laws, the Japanese national government has not yet introduced any policies or implementation mechanisms, such as a carbon tax, ecological tax, or a mandatory emissions trading scheme, which could effectively reduce CO 2 emissions. The Global Warming Law, moreover, does not stipulate any legal requirements mandating the energy conversion sector, businesses, or the industrial sector to reduce their GHG emissions.
Although the national laws have not delegated much authority to prefectural, municipal, town, or village governments related to climate change, there are some (if limited) opportunities for local governments to introduce their own policies and measures. Regional and local governments have the authority to take legislative action when the national government itself has not enacted any specific policies and measures toward climate change, and the national government does not prohibit them from doing so. Using this opening, some governors and mayors have introduced regional and local ordinances which mandate businesses and industries to formulate CO 2 reduction plans, introduce emission trading in the regional and local area, or buy renewable energy bonds.
Local Climate Action Plans: Innovative Policies and Measures
All Japanese prefectures and many cities have by now introduced local action plans. The majority of the plans follow a similar structure. Most establish a GHG emission reduction target compared to a baseline year. They tend to include scenarios that normally consist of a business as usual (BAU) scenario compared to a reduction scenario. They also typically discuss policies that should be promoted at the regional and local level for GHG emission reductions. The plans clarify the measures that are needed to achieve reduction targets. Finally, the plans discuss the monitoring of GHG emissions and monitoring systems for checking the effectiveness of policies and measures. They usually also include a schedule or system for the revision of the plan.
Local governments play two rolls in climate change policy in Japan. The first is the development of policy ideas and actions. A variety of different policies and measures are being implemented at the local level to counter rising GHG trends. The policies and measures range from the simple to the highly innovative. Some local initiatives have been quite successful at reducing emissions and, as discussed in the following paragraphs, have even caused changes in national laws. The city government gives a subsidy to schools, which is equal to half of the money they save by their efforts to reduce utility costs. This reduces public expenditures and at the same time reduces emissions and provides extra funding to the schools. In this way, about 30 cities and towns have introduced Fifty-fifty Programs into their public schools. The programs have had good results.
The ESCO project is an energy-saving business activity on a private basis offering energy-saving-related services to clients. ESCOs raise their revenues from fees paid by clients from a part of the financial gain they achieve through energy savings. Some local governments, such as Kobe City ( The idea behind this is to make it easier for small firms and organizations to adopt environment management systems. In addition, Kitakyushu and Fukuoka cities are participating in the Eco Agenda 21 Local Government Initiative Program. Each year they reach out to about 50 enterprises in their areas to work with them on achieving local Agenda 21 and, in the process, reduce their CO 2 emissions (Fukuoka City; Department of Environment, 2001) . Nagoya City started the EXPO-ECO-Money after the World EXPO in Aichi Prefecture in 2005. The system aims to visualize eco-friendly actions for citizens. People can get eco points when they take eco actions, such as using public transport, using eco bags instead of plastic ones, and joining environmental classes. Individuals can then exchange the eco points they have achieved for green products or contribute them for tree planting (Department of Environment, 2006) . Aichi Prefecture's Global Warming Prevention Strategy is another interesting example (Department of Environment, 2005) . It includes nine main policies, of which seven have concrete targets associated with them. Examples of the policies include introduction of one million photovoltaic cells, establishment of 100 fuel cells, and establishment of 100 local action committees and 1,000 Eco chain shops across the prefecture.
Japanese local governments are responsible for the provision of public transportation, waste management, and related CO 2 emissions reductions. It is primarily specially designated large cities that are responsible for providing public transportation. Various cities have introduced special measures to shift passenger traffic from automobiles to subways and buses with the goal of reducing CO 2 emissions. Nagoya City, for example, has introduced a Saturday, Sunday Eco ticket and an Eco Manner Point System (Department of Environment, 2006 Metropolis, 2000 Metropolis, /2008 . The introduction of an ETS had been discussed and debated among the ministries of the national government for over 10 years. However, because of the strong resistance from industry, an ETS was not introduced at the national level. In the absence of national action, Tokyo began to take action of its own. In 2005, it issued an ordinance introducing some innovative climate policies, such as a requirement that companies formulate reduction plans, and that retailers place energy efficiency performance labels on equipment. The Tokyo metropolitan government announced in 2007 that it would reduce its CO 2 emissions by 25 percent of 2000 levels by 2020 (Bureau of Environment, 2007) .
Kyoto City was the first city in the country to introduce an ordinance concerning global warming (Climate Change Policy Office, 2003) , and it passed the Global Warming Countermeasures Ordinance in April 2004. The ordinance set a 10% GHG emission reduction target for 2010 compared to a 1990 baseline and encourages citizens, businesses, and even tourists to take action. The ordinance establishes a monitoring and evaluation procedure and calls for a revision of the ordinance after a 3-year period to reflect new technological developments and changes in socioeconomic conditions. The ordinance requires businesses to formulate and periodically report on progress toward fulfilling their own GHG reduction plans. Total energy consumption of businesses in the Kyoto City area is more than 1,500 kl oil equivalent. The businesses that are targeted include the city's many convenience stores, even vending machines. The requirement of Kyoto City that retailers of air conditioners, refrigerators, and televisions use energy performance labels contributed to the amendment of the national Energy Conservation Law in 2008. Under the national eco-label system, retailers were not required to attach labels that showed which products were most energy saving. The Kyoto City initiative led to an amendment of the law and thus the introduction of a national energy efficiencylabeling system. Kyoto City also encouraged the establishment of partnerships among local governments, citizens, and businesses. This approach was pioneered by the Kyoto Local Agenda 21 Forum (Miyako-no-Agenda 21 Forum). 6 Kyoto Local Agenda 21 Forum, founded in November of 1998, is the organization responsible for implementing Kyoto's Local Agenda 21 and climate change-related initiatives.
There is considerable enthusiasm among some local and regional governments in bringing about a change. Some have been relatively successful as pioneers. Yet the reality is that Japan has been having trouble reducing its CO 2 emissions. What explains this considering the rapid diffusion of local climate action plans?
Part of the problem lies with the action plans themselves. On the whole, local and prefectural governments in Japan face many obstacles in effectively implementing climate change action. Many of the problems lie, however, with issues more at the national level rather than at the local level. Prior to discussing the national obstacles, however, we first discuss some of the problems with the local action plans as identified by our survey.
GHG Emissions
Fundamental to the development of regional and local climate change policy is the need to understand regional and local anthropogenic GHG emissions and their sources. A problem for the regional and local governments, however, is that they often do not have very accurate information about local emissions. CO 2 emissions at the regional and local levels can be calculated from national energy data or from energy sales data at the regional or local area. In the case of Japan, the former is the norm, even though it is not a very accurate system. Since 2007, under the Global Warming Law, large GHG emitters must calculate and report their emissions to the national government. This may improve the situation somewhat in the future.
Reduction Targets
The targets of local action plans are not connected directly to the national targets. The targets of the local action plans are independently established and reflect both national goals as found in the national guidelines and local conditions. Some of the most ambitious reduction targets include Shizuoka City's goal to reduce GHG emissions by 37% relative to 1990 levels by 2010 (Department of Environment, 2008), Nagoya City's plan to reduce CO 2 and other GHG emissions by 10% by 2010, and Sakai City's 8% CO 2 emission reduction plan for 2010 (Department of Environment, 2007) .
In fact, the majority of the 59 local governments that were surveyed have a regional GHG emissions reduction target (Figure 2 ). About one third of the local governments adopted the national reduction target of the Kyoto Protocol (a 6% reduction of 1990 CO 2 levels by the period 2008-2012). Another 40% adopted targets that go beyond the national government's 6% reduction target.
As can be seen from the examples above, there is also considerable variety in the GHGs as targeted in the various action plans. The National Guideline divided GHG emissions into five sectors (energy conversion, industry, residential, transportation, and waste) and five GHGs. Some local action plans focus on all six GHGs (carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfurhexafluoroide), others on just CO 2 , and still others on CO 2 and one or more additional GHGs. Some plans address forests as carbon sinks, establish measures for the reduction of CO 2 through forest policies, or even use the forests heavily as carbon sinks. For example, the heavily forested Yamanashi Prefecture came up with an ambitious 15.8% reduction goal compared with the 1990 base year (Department of Environment and Forestry, 2004) . This goal included the 13.7% CO 2 emission reductions the prefecture had already achieved in earlier years as a result of its reforestation efforts. 7 The CO 2 emissions from electricity production are also addressed in many local action plans although not all of them use the same formula for determining the emission levels. It is also noteworthy that some local governments do not even make a mention of their large GHG-emitting industries in their local area, whereas others have introduced concrete measures for reducing emissions from large GHG-emitting industries in their region, which they then build into their regional emission reduction targets.
Differences in industrial structures also impact plans. There are some prefectures which rely primarily on nuclear energy and thus emit little CO 2 . Kagoshima Prefecture, for example, is primarily dependent on nuclear power and as a result emits little CO 2 in energy conversion. The CO 2 emissions from the electricity supply account for only 7.5% of the prefecture's total emission level, which is well below the national average of 27.8% in 2002 (Environment and Citizens Affairs Department, 2005) . Kochi Prefecture is also an interesting example. About 21% of the prefecture's CO 2 emissions are tied to industrial processes, particularly the cement industry. The industrial sector in Kochi Prefecture has already achieved high energy efficiency, and there are expectations that Nippon Keidanren, The Japan Federation of Economic Organizations' Voluntary Action Plan, will have positive effects (Department of Culture and Environment, 2004) . In sum, there is considerable variety in the reduction targets, and even among the GHG emission-control measures targeted in local action plans. Although this is partly an outgrowth of different local conditions, it also means there is considerable difference in how and what emission sources are targeted. This also complicates efforts in comparing performance across local governments. Moreover, there has been no effort to coordinate the setting of targets in such a way that it could contribute in a calculated or more rational way to meet national emission reduction goals. 
Reduction Scenarios
There is also considerable difference in the types of reduction scenarios that are formulated. Most of the local action plans include a BAU scenario and one or more scenarios for how emissions could be reduced relative to the BAU scenario. Beyond this, however, the scenarios differ substantially. Some scenarios focus on what the prefecture itself will achieve. Aichi Prefecture's local action plan, for example, spells out three different scenarios-one that leads to a 5.1% increase, a second to a 1.0% decrease, and a third to a 6% decrease in CO 2 emissions, depending on the level of enforcement of the policies and measures spelled out in the action plan (Department of Environment, 2005) . In contrast, the Nagoya City example presented above shows that the city is planning to achieve a 10% reduction in its GHG emissions, but much of this decrease depends on the actions of other actors: the national government, the prefecture, and electronic companies (Department of Environment, 2006) . This means that there are wide differences in the assumptions being employed and the expectations that local governments are placing on themselves versus others to act.
Monitoring, Checking, and Revisions of Plans
Almost all of the local action plans use 2010 as their target year (the Kyoto Protocol target period is 2008-2012, so 2010 is the midpoint). Only a few have targets that extend beyond 2010. Many local governments plan to monitor the emissions from their area and conduct yearly or periodic reviews of their progress. This is being done so that the plans can be revised as needed to ensure achievement of targets. Monitoring committees composed of stakeholders in the local area are charged with this task. In addition, most systems either establish a local climate action plan-promotion office or create a regionwide position for an individual who is then responsible for the promotion of the plan.
Although these efforts are valiant, many of the local governments do not have up-to-date emissions inventories to work with. They are typically working with 2-3-year-old emissions data, which can make it difficult to accurately measure improvements. It is also the case that some local governments have been better at developing policies and measures where progress can be measured (e.g., Aichi Prefecture's emission-control efforts discussed earlier) as opposed to important, but less easily monitorable progress (e.g., information dissemination or education). There is a need to enhance monitoring capacity across local governments.
These are significant problems which need to be addressed. These problems by themselves, however, do not explain Japan's rising CO 2 emissions. To understand where the most serious problems lie it is necessary to shift our focus to the national level. achieved in each sector and then adding up all of the cuts that can be achieved at a sector-by-sector level to establish a national emissions reduction target.
Behind this appeal, however, is the reality that both the national government and the industry insist that there is little room for additional energy saving, particularly in the industrial sector. But there is in fact still much room to reduce CO 2 emissions. As mentioned above, final energy demand in Japan has more or less peaked.
The authors propose three policies and implementation mechanisms that could be taken through national and local climate change policies to decrease CO 2 emissions (Sugiyama, 2008; Takeuchi, Sugiyama, Adachi, Ishikawa, & Yamashita, 2007 . The first proposal is that half of all Japanese oil and gas consumption for heating rooms and hot-water supply in household and commercial sectors be substituted with waste heat from power plants; doing this will reduce CO 2 emissions by 8.3% from the total 1990 emission levels. The second proposal is that all electricity production from commercial coal-fired power plants be cut back to the levels of 1990 and natural gas-fired power plants be substituted to keep electricity production constant; doing this would reduce CO 2 emissions by 6.8% of total 1990 CO 2 emission levels. The third proposal is that half of all coal and heavy oil consumption in the industry sector be substituted by low-carbon fuel such as natural gas, as this would reduce CO 2 emissions by 4.4% of total 1990 CO 2 emission level. With these three proposals combined, CO 2 emissions could be reduced by a total of 19.5% compared to the 1990 baseline. Furthermore, it can be expected that top-runner electric appliances and cars will gradually come to dominate. This transition could reduce emissions by another 10% of the total CO 2 emission levels by 2020.
In relation to the first proposal, the national government should introduce regulations on the total energy efficiency expected of new and rebuilt power plants (electricity production and heat supply per unit of primary energy input). At the local level, city planning should require that power plants be constructed in or near high heat-demand areas (promoting combined heat and power systems). As for the second proposal, the national government should establish a legal cap for emissions from all commercial power plants and prohibit their use of the Kyoto Flexibility Mechanisms. In terms of proposal three, regional climate change policy should take the lead in requiring factories to change to less carbon-intensive fuels. At the local level, biogas should be produced from garbage, water treatment waste, and cattle waste. The biogas should then be sold to the city gas company. In addition, fuel derived from plastic wastes should be substituted for coal and heavy oil in the industry sector. The CO 2 emissions from plastics is about three fourths the level of emissions in coal firing.
The authors have already proposed a road map to Nagoya City, a city with more than 2 million inhabitants, how it can reduce by 75% its 1990-level CO 2 emissions, by 2050 (Takeuchi & Sugiyama, 2008) . It is now time to take this kind of initiative to the national level.
